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PaccmatpuBaercst 3amava Kol 1j1s1 3BOJIOIIMOHHOTO YpaBHEHUSI MIEPBOTO MOPSIIKA € TTAMSITHIO B
KOHEYHOMEPHOM 0aHAXOBOM ITPOCTPAHCTBE C MTPOMU3BOAHOI 1O BpeMEHU MHTETPAJIbHOTO WIeHa TH-
na Bonbrepa u pa3HOCTHBIM siipoM. [IpyHIIMIIMAIbHBIE TPYAHOCTH TIPUOJIMKEHHOTO PELIeHUST Ta-
KHX 3a7a4 TTOPOKACHBI HEJIOKATBLHOCTBIO TI0 BpEMEHU, KOTIa pellleHre Ha TeKYIIUii MOMEHT 3aB1-
cuT OT Beeit penbictopuu. McnonbiyeTcs TpaHchopmMalivs nHrerpoanddepeHIMaaIbHOIO ypaBHe -
HUS TIEPBOTO MOPSIAKA K CUCTEME SBOJIOLIMOHHBIX JIOKAJBHBIX YPAaBHEHUI MPU aIlmpOoKCUMAIIUN
Pa3HOCTHOTO siipa CYMMOM 3KCITOHEHT. 1151 c71aboCBsA3aHHOM CUCTEMBI JIOKAJIbHBIX YPABHEHU C
TOTIOJTHUTENIbHBIMU OOBIKHOBEHHBIMU NTUMdEpeHIIMATbHBIMU YPAaBHEHUSIMU TIOJTYYeHBl OLIEHKU
YCTOMYMBOCTH pEIIEHUs M0 HAYaJIbHBIM JaHHBIM U TPaBOil YacTu IJIsI pelIeHUs C TIPUBJICUCHUEM
TOHATUS JIOTapUMMUUECKOl HOPMBI. AHAJIOTUYHBIE OLEHKW YCTAHOBJICHBI 1T TIPUOIMKEHHOTO
pelIeHs TIPU UCTIOJIb30BaHU U JIBYXCIIOMHBIX alllIpOKCUMAaIMii 1o BpeMeHU. buoo. 22.

KiroueBble ciioBa: uHTerpoarddepeHalbHble ypaBHEHMS, CUCTEMbI 3BOJIIOLIMOHHBIX YPaBHEHMA
IepBOTO MOPSIIKA, YCTOMYMBOCTD MO HAYaIbHBIM TAHHBIM U TTPAaBOM YacTH, Jiorapudmuieckast Hop-
Ma, JIBYXCJIOMHbBIE PAa3HOCTHBIE CXEMBI.
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BBEAEHUE

B Hacrosiee BpeMs TIpu YMCIEHHOM MOACIMPOBAHUN HEeCTAallMOHAPHBIX ITPOLIECCOB Bce OoJjiee ya-
CTO TIPUBJIEKAIOTCSI HEJIOKaJbHbIe MaTeMaTuyeckrue Moaeau. IIpuMepoM BBICTYIAIOT 3BOJTIOIIMOHHBIC
uHTerponuddepeHInaIbHBIE YpaBHeHU [1], [2], 11 KOTOPBIX pellleHUe Ha TEKYIIUI MOMEHT BpeMe-
HU 3aBHCUT OT BCE MPEAbICTOPUH TIpoliecca. B momoOHbBIX MOIENsIX ¢ TaMSThIO MOABIHTETPATbHOE BhI-
paXkeHue BKJIIOUaeT caMo pelllieHHe WU MPOU3BOIHYIO pellleHUs o BpeMeHu. B ntutepatype (cM., Ha-
npumep, [3]) akTMBHO 00CYKIAIOTCSI 3a1a4U [IJIs SBOJIOLIMOHHBIX YpaBHEHUI ¢ APOOHOI ITPON3BOIHOIM
10 BpeMEeHU, KOTOPbIE XapaKTepPU3YyIOTCs, B YaCTHOCTU, MHTETPAJIbHBIM SIAPOM TUITa AGeJs.

IMpu npubIMKeHHOM pellleHUM KpaeBbIX 3a1a4 IJIs ypaBHEHUI ¢ MaMSIThIO MBI HCITOJIb3YeM OOBIU-
HBIe KOHEYHOBJIEMEHTHbBIC MJIM KOHEYHOOOhEMHBIEC allIIPOKCHUMALIMHU T10 IIPOCTPAHCTBY U MIPUXOAUM K
3amade Koiu s onepaTopHBIX ypaBHEHUI C MAaMSThIO B COOTBETCTBYIOIIEM KOHEYHOMEPHOM IIPO-
crpaHcTBe. [Ipn anmpokcuManny 1o BpeMeH! eCTeCTBEHHO OpMEHTUPOBaThe [4] Ha ncroiib30BaHNe
TeX VIV MHBIX KBaAPaTyp IJIsl THTETPaJIbHOIO WICHA M CTAHAAPTHBIX allllpOKCUMALUIl ITPOU3BOIHOM 110
BpeMeHU (HesiBHas cxeMa Ditiiepa u cxema Kpanka—Hukoicon).

IMpu umciaeHHOM pelleHWM HavYalbHO-KpaeBBIX 3amad Kolnmw mist mapa®oindecKuX ypaBHEHUM
OOBITHO WCITOIB3YIOTCS IBYXCIOWHBIE CXeMBI. YCTONYMBOCTD MPUOIMKEHHOTO pEIIeHMST Hambolee
MPOCTO UCCJEAYETCS B COOTBETCTBYIOIIMX TMILOSPTOBBIX IPOCTPAHCTBAX, YCIOBUS yCTOMYNBOCTU (hOp-
MYJIUPYIOTCS B BUIE OIepaTOPHBIX HepaBeHCTB [5]. MccmenoBaHne YCTOMYMBOCTH B OaHAXOBBIX MPO-
CTPaHCTBaX Yallle BCETO OIrpaHNINBACTCSI paBHOMEPHOIT HOPMOM 1 TIPOBOIMTCST HA OCHOBE Pa3HOCTHO-

Dpagora Beimonnena npu (puHaHcoBo monaepxke MuHoopHayku P® B CeBepo-KaBka3cKoM LIeHTpe MaTeMaTUYECKMUX UC-
cienoBaHuUii B paMkax cormamenust Ne 075-02-2022-892 ¢ Muno6pHayku PO.

328



OB YCTOMYMBOCTU MPUBJIWKEHHOIO PEIIEHUA 3AJIAYU KOIIU 329

ro npuHOuna MakcumyMma [6]. ITogo6HOe paccMOTpeHe HEKOTOPHIX HECTAIMOHAPHBIX IIPOLIECCOB C
MaMsIThIO Ha TUddepeHIINaILHOM YPOBHE BBIIIOJHEHO, HAIIpUMep, B padoTte [7]. bosee mmpokue Bo3-
MOXXHOCTH MPEIOCTaBISIOTCS UCIOIb30BaHUEM ITOHSITHUS JJorapudmudeckoili HopMsl [8]. Ha 3t0it oc-
HOBE MOXHO ITOJIYYUTH [9] MPUHIIMIT MAKCUMYMa M COOTBETCTBYIOIINE OLIEHKN YCTOMYMBOCTH IS T1a-

paboaMyecKux 3a1a4 B KOHEYHOMEPHBIX TPOCTpaHceTBax Ly, L,, L. .

BrruucnuTeabHbIe CIOXHOCTA NPUOJIMXKEHHOIO pellleHUs 3a1a4 C MaMsIThIO TOPOXASHbI HEOOXOaU -
MOCTBIO paboTaTh C pelleHWeM Ha BCE IIPEOIIECTBYIONIME MOMEHTHI BpeMeHHU. [lpuHIMIManbHOe
YMEHbIIIEHE BBIYUCIUTEIbHON pabOThl oOecneuynBaeTcs MepexoaoM OT HEJOKaJIbHOM 3amadyu K Jo-
KaJILHOM 3a CYeT CIIeLIaIbHBIX alllIpOKCUMALIMii pa3HOCTHOTO siapa [10]. B yacTHOCTH, IpM aniIpOKCU-
Maluu siapa CyMMOM 3KCIIOHEHT Mbl IME€EM CHUCTeMY CJIa0O0CBSI3aHHBIX 3BOJIIOLMOHHBIX YPaBHEHUI.
Taxkoit moaxon ucrioab3oBajicsa Hamu [11] misg 3agaun Ko gist muaterpoauddepeHInaIbHOro ypaB-
HeHMs IepBOro nopsaka. HejaokanbHble MOACIN TEIIONEpeaady pacCMOTpeHbI B padote [12]. OueHku
YCTOMYMBOCTH 111 nrpPepeHINAILHON M pa3HOCTHBIX 3a1a4 MOJy4YeHbI B TMJIbOEPTOBBIX IIPOCTPaH-
CTBax.

B Hactosinieit pabore paccmoTrpeHa 3anada Koiiu 151 3BoIOIIMOHHOTO MHTerpoauddepeHnaib-
HOTO ypaBHeHMs BoibTepa mepBoro mopsiika B BEIIECTBEHHOM KOHEYHOMEPHOM OaHaxOBOM IMpO-
CTpaHCTBe. ATIMPOKCUMALIMSI pa3HOCTHOTO SIIpa CYMMOM 9KCITIOHEHT obecrneyrnBaeT TpaHchopMaluio
HEJIOKAJIbHOTO ypaBHEHMUS C MaMSIThIO K JIOKAJIbHOM cucTeMe ypaBHeHMid. Ha ocHOBe MoHsTHS jora-
pudMHUYECKO HOPMBI TTOJIyYEHbI allpUOPHBIE OLIEHKM JIJTs1 pelieHus 3anayr Kouim, odbecneuymnBaroliime
YCTOMYMBOCTh PEIIEHUSI MO HAYaJIbHBIM TaHHBIM U MpaBoil yacTu. [1peniokeHbl U UCCIIeTOBaHbI Ha
YCTOMUMBOCTb JIBYXCJIOMHBIE PAa3HOCTHbBIE CXEMbl JJII CUCTEMbl YpaBHEHMIi, KOTOpble YAOOHBI IJisl
MPaKTUYECKOTO UCITOJIb30BaHMSI.

1. SAJAYA JIAA MUHTETPOOANPDEPEHLIMAJIIBHOI'O YPABHEHHWA

PaccmaTpuBaeTcs 3amada Kot mrst 9BOTIOIIMOHHOTO YpaBHEHUS TIEPBOTO MOPSIIKA C TPOM3BOTHOM
[0 BPEMEHW MHTETPAILHOTO WieHa B BEIIECTBEHHOM KOHEYHOMEPHOM OaHaXOBOM IPOCTpaHCTBE V.
DyHK1Ms u(t) yaoBjieTBOpsieT MHTerpoauddepeHIMaIbHOMY YpaBHEHUIO IIEPBOTO MOPsIIKA C pa3HOCT-
HBIM SIIPOM

du  d t
au _ a — = 1.1
» + t‘([k(t u(s)ds + Au = f(), t>0, (L.1)

1 HaYaJIbHOMY YCJIOBUIO

u(0) = u’. (1.2)

YToObI HE OTATOLIATh TEKCT PabOThl HECYILIECTBEHHBIMU TEXHUUYECKUMU JETAISIMU, IPEATIOIATAEM, UTO
JIMHENHBII oniepaTop A : V' — V saBAseTCs cTallMOHAPHBIM (He 3aBUCSIINUM OT ¢). ITpoCcThIM MpuMepoM
ypaBHeHwUs (1.1) saBisieTCsSI cucTeMa IMHEMHBIX 00BIKHOBEHHBIX TU( depeHIINaTIbHbIX YpaBHEHUN TIep-
BOTO MOpsiJKa, Korna A ecTb KBaJgpaTHasi MaTpulia.

K nono6HbIM 3a1a4aM Mbl IPUXOIUM TOCJE TMCKPETU3ALUY 110 MTPOCTPAHCTBY MPU PACCMOTPEHUN
pacnpeneaeHHbIX MoJieieit ITMHAMUYECKUX MTPOLIECCOB ¢ MaMsIThio. KirtoueBast 0co6eHHOCTh 3a/1a41 CO-
CTOUT B MHTerpajbHOM wieHe B ypaBHeHUU (1.1). [TonoGHbIe HelOKaNbHbIE MaTeMaTUYEeCK1Ue MOAEIN
BO3HUKAIOT IIpU y4yeTe 3¢ PeKTOB namsaTu Iipu Tertonepenave [13], [14]. PaccmaTpuBaemsblii cirygait
MPOM3BOIHOI 110 BpeMEeHM MHTETpasia OT PEILIeHUsT HATIPSIMYIO CBSI3aH ¢ y4eToM 3(p(heKTOB maMsTH It
TEIMJI0EMKOCTHU (BHYTpeHHel sHeprun) [15], [16].

JJ1s1 5BOTIOLIMOHHBIX YpaBHEHMIA MIEPBOTO TMOPSIAKA OLIEHKU YCTOMYMBOCTU pellieHus 3aaaun Korm
MO HaYaJIbHBIM JAHHBIM U MPaBOii YacTU B 0aHAXOBBIX MPOCTPAHCTBAX MOTYT OBITh IMOJIYYEHbI C TIPUBJIE-
YeHNEM MOHSATUS JorapudmMmieckoit HopMbI, Kotopoe BBeneHo B.M. Jlosunckum [17]. Ee ncmonb3o-
BaHWE TIPU YUCJCHHOM pelneHuu 3agauyu Koiu 1jsi cucteM OOBIKHOBEHHBIX U depeHIIMaTbHbBIX
ypaBHeHMIi paccMaTpuBaeTcs B [8], [18].

Jlorapudmuyeckasi Hopma oneparopa (MaTpulibl) A €CTh YUCIIO

o |r+84) -1
ue4) = lim B —
re / — eMHNYHbIIA orepatop, a |- | — Hopma B V. MbI paccmarpuBaem ypasHerue (1.1) nipu
uw(=A4) <0. (1.3)
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DTO0 CBOICTBO onepaTopa A SIBIISIETCS €CTeCTBEHHBIM IIPU pACCMOTPEHHUY TUCKPETHBIX aHAJIOTOB Kpae-
BBIX 327124 1151 HapaboIMIeCKUX YpaBHEHUI BTOPOTO TTOPSIAKA.

s uaTerponuddepeHIManbHOro ypasHeHus (1.1) MOXHO BBIIENIUTH ABa IIPEAeIbHBIX Cydas.
IMepBolii U3 HUX CBsA3aH ¢ ApoM k(f) = xO(f), tme ¥ = const > 0, a &(f) ecTb 0-DyHKUMS. YpaBHe-
Hue (1.1) npuHUMAaeT BUI

A+ ¢ 4u= 10,
di

T.€. CTAHOBUTCS JIOKaJIbHBIM. BTOpoOIi ciiyyait COOTBETCTBYET ITOCTOSIHHOMY SIIpY, Korna k(7)) = K > 0.
ITpu 5TOM MBI CHOBa MMeeM JIOKaJIbHOE ypaBHEHMUE:

AU A+ xlu = f).
dr

ITpu paccMOTpeHUU HEJTOKAJIbHBIX 3BOTIOIMOHHBIX YPABHEHU I MIEPBOTO MOPSIKA C TTAMSITHIO SIIPO
k(t), oO6b14HO, (CM., HaripuMep, [19]) cuuTaeTcs MONOXUTENbHO-ONMPEACACHHBIM. MbI HAJIOXUM, IS
MPOCTOTHI, OTPAHUYEHUS

dk d’k
k=0, @pn<o0, LE@pHn>0 >0,
() dt() dtz()

koTophble [20] oGecrieunBaloT MOJIOXKUTEIbHYIO OMpeneeHHOCTD siapa k(¢). B aTux yc1oBUsIX Mbl UMeeM
clieyIolIue OLIEHKY IS S1ipa U ero MpOX3BOIHOM:

0<k@®<kQ)=m, 0=<-k'(t)<-k'(0)=M. (1.4)

ITpu npeamnonoxenusix (1.3), (1.4) ycTaHOBUM allpMOPHYIO OLIEHKY peureHus 3agaun Komm (1.1),
(1.2). DTa o1lgHKa YCTOMYMBOCTHU pPEIISHMS 110 Ha4aJIbHBIM JaHHBIM 1 IIpaBOii YacTH OyIeT IJIsI Hac OpH-
€HTUPOM IIPU ITOCTPOCHNU U UCCIEAOBAHNY BEIYUCINTEIbHBIX AJITOPUTMOB IPUOIVKEHHOTO PEIISHUS
paccMmaTtpuBaemoii 3agauu (1.1), (1.2). Hanre ucciaenoBanue 6a3upyeTcsl Ha CIEAYIONIEM YTBEePKICHU M.

Jlemma 1. Jlnsa pewenus 3adauu Kowu

dw
—+Dw=0o@F)), >0,
4t o)

w(0) = w°

umeem mecmno OueHKa

o] < expa=Dn '] + [ exp=D)(t - ) o(s) ds. (1.5)

0

HoxazaTeabCcTBO JeMMBbI 1 MOXHO HaiiTU, HaripuMep, B [21]. Ham moHagoOUTCs TakxkKe cleaytomnuii
BapuaHT JieMMbI [ ponyoita-benmana [22], Teopema 1.3.2, c. 13.

Jlemma 2. Ilycmo g(t), O(f), WY(t) — HeompuyamenvHbie HenpepbigHble PYHKUUU U UMEEH MeCHO HePaGeH -
cmeo

g(t) < o(t) + q;(t)j a(s)ds, 1> 0. (1.6)
0
Tozoa
g(1) < o) + (1) j o(s)exp j W(0)d0 |ds. (1.7)
0 K

Teopema 1. ITycmb 0as n0eapugmuueckoii Hopmsi onepamopa A umeem mecmo nepasercmeo (1.3), a oaa
a0pa k(t) — nepasencmea (1.4). Toeda oasa pewenus 3adaqu (1.1), (1.2) cnpasedauea oyenxa

)| < (1 + \/@r exp (%tz)j | + i" f)ds|, >0. (1.8)
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JlokazaTenbcTBo. [119 MHTETpabHOrO WicHa B ypaBHeHMU (1.1) nMeeM
t t
4 [t = u(s)ds = kO + [ k¢ = syuts)ds.
dty 0
BDTO JaeT BO3MOXKHOCTH 3anucath (1.1) B Bune
4
% (A mbu ==kt = u(s)ds + £ (1) (1.9)
0
11 IpMEHEHMS JIEMMBI 1 MTOJI0KUM
t
D=A+ml, ¢f = —J-k'(t — S)u(s)ds + £(F).
0
C yuyetoM Hammux npearonoxenuii (1.3), (1.4) monyuynm
t
WA= ml) = —m+p(-A) < -m <0, [o)] < M |u(s)|ds +] £ @)
0
IMpumensas nemmy 1, msg pemrenus 3agadu (1.2), (1.9) umeem
t t ts
Juco] < ]| + ool ds < '] + [l 7o) s + b [ [ @] ds.
0 0 00
C yuetoM
ts tt t
[[lu®)|dods < [[|u@)|dods = [ Ju(s)]ds
00 00 0
MOJIyYrM
t t
Juco] <’ + [res)lds + Mt Jucs)| s
0 0
MpbI uMeeM HepaBeHCTBO (1.6), B KOTOPOM B YCIIOBUSIX JIEMMBI 2 UMeeM
t
g0 =[], o) ="+ [lrlds, wey=mr.
0
C y4yeToM 3TOTO
t
exp[ | \p(e)deJ — exp (%(12 - sz)).
DyHk1ms @(f) IBNIsIeTCS HEYObIBAIOIIEH ¥ TO3TOMY

j(p(s)exp (%(z‘2 — sz))ds < @) exp (%tz)jexp(—%sz)ds < \/%(p(t) exp (%tz).
0 0

HepaBenctso (1.7) 13 aeMMbl 2 mpuBOIUT K olleHKe (1.8), 4To 1 3aBeplIacT 10Ka3aTeIbCTBO TEOPEMHBL.

2. CUCTEMA JIOKAJIbHBIX 3BOJIIOLIMOHHBIX YPABHEHU

IMTpu npubAM>KeHHOM pellleHnr HeloKaibHOM 3agauu (1.1), (1.2) HanbGoabIIMiA UHTEpEeC MPeACcTaB-
JISIIOT BBIYUCIUTEIbHBIEC aJITOPUTMbI, KOTOpbIE 0a3UPYIOTCS Ha Mepexojie K JOKaJIbHbIM 3a1adyamM. Mbl
UCMOJIb3YEM TpaHCGhOPMAIIMIO K JOKAJbHOU CUCTEME DBOJIOLMOHHBIX YPABHEHUU 32 CUET BBEICHUS
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BcrioMorateibHbix BesinuuH [11], [12]. Takoit nonxon mpuMeHsieTcs B cliydae, Koraa siapo k(t) siByisieTcst
cyMMoii 3KcrmoHeHT (psia [Tponmn):

/
k() = aexp(-b1), 120. Q.1
i=1

Koadbdbuumenrsl g, b;, i = 1,2,...,m, IpeANoNararoTcs MOJOXUATEIbHBIMU:
a>0, b>0, i=1,2,..,L 2.2)

ITpu orpanudeHusix (2.2) 1151 NOCTOSSHHBIX m U M B (1.4) umeeMm

/ i
m= Zai, M = Zaibi.
=1 i=1

st yaera 3¢peKTOB IMaMsATH BBeOeM (PyHKIINN

t

u(t) = jexp(—bi(t —s)u(s)ds, i=1,2,...,1

0

C yuetoM aTOTO NIepenuiirem ypapHeHue (1.1) B Bume

!
du du;
—+ > a—+ Au = f(?). 2.3
7 Z 7 f@) (2.3)
Hnsau,(t),i =1,2,...,/, nMeeM ypaBHEHUS
W by —u=0, i=12,..1 (2.4)
dt

IMpunumas Bo BHuMaHue (2.4), u3 (2.3) nmoaydyum

I I
du _
ot ;a,u + Au — ;a,-b,-u, = f(@). (2.5)
st cuctembl ypaBHeHuit (2.4), (2.5) mpuBJieKarOTCsl HAYalbHbIE YCIOBUS

u(0) = u’, u(0)=0, i=1,2,...,L (2.6)
AHayorom TeopeMsl 1 BEICTynaeT

Teopema 2. [lycmb 045 n0eapugmuueckoii Hopmoi onepamopa A umeem mecmo nepasercmeo (1.3), a 0as
adpa k(t) — npedcmasnenue (2.1), (2.2). Toeda oasn pewenus 3adauyu (2.4)—(2.6) umerom mecmo oueHku
(1.8) u

t
@ < [lus)ds, i=1,2,....1, 1>0. 2.7)
0
Joka3arenbcTBo. O1ieHKY (2.7) cienytoT U3 JeMMbl 1 mpu paccMoTpeHuM 3agauu Kol 115 ypaBHe-

Huit (2.4) ¢ yaetoM Toro, uto D = b1, b; > 0, W(-b,1) <0,i=1,2,..., 1, n o) = y(@), w'=0.B yCI10-
BUSIX JIeMMBI 1 1J1s1 ypaBHeHUs (2.5) uMeeM

1l 1
D=A+Yal=A+ml, o) = abu®)+ Q).
i=1 i=1
C yuetoM (2.7) uMeem
W=D) <0, o] < M [|ucs)|ds + | @)
0

HanbpHeiime paccy>XaeHNsI IOBTOPSIOT JOKAa3aTEILCTBO TEOPEMHI 1.
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3. AIIITPOKCHUMALI WA 110 BPEMEHHA
s mpubamxeHHoro pelreHus 3agaun Komw (2.4)—(2.6) 6yaeM MCIOIb30BaTh IBYXCIOMHbBIE CXe-
MbI. Be3 orpanudeHns o6ILIHOCTY OyIeM CYMTATh, YTO CETKA 10 BpEMEHU PABHOMEPHAS U MYCTh y" —

€CTb IIPUOJIVKEHHOE PELIEHME HA MOMEHT BpeMeHu 1" = nT,tae n = 0,1,...,a T — wiar ceTku. [1pu opu-
SHTallM1 Ha 6€3yCIIOBHO YCTOMYMBBIE CXeMbI B 0aHAXOBBIX IIPOCTPAHCTBAX B KJIACCE IBYXCIIOMHBIX CXEM
MBI BRIOMpaeM 91CTO HESIBHYIO CXeMy (HEeSTBHYIO alllIpOKCUMAIInio Ditiiepa).

Jns ypaBHeHuii (2.4), (2.5) umeem

n+l

Y Vi ppyrtt =0, i=1,2,..,1 (3.1)
T

n+l n ! !
y -y + zaiy”+l + Ay"+l - Zaibiyin+1 = fnﬂa n=0,l1,.... (3.2)
T i=1 i=1

HauanbHble ycnosust (2.6) naror

Y=u, y =0 i=12,..,1L (3.3)

I[OKaBaTeJ'H:CTBO YCTOﬁqHBOCTH Mbl HAYHEM C IMCKPECTHOI'O aHajiora OuCHKN (27) IJIA BCIIOMOra-
TEeNbHBIX BeJINUYrH. UMeeM

(1+ by =yl + ",

TaK 4YTO

n+l n n+l

yi yl Y

C yyeToM HavYaJIbHBIX YCI0BUii (3.3) U3 3TUX MTOCTONHBIX OLIEHOK CJICAYET

n
< Tz”ykﬂ
k=0

< +71

, i=1,2,..,0, n=0,1,....

yi! , i=1,2,...,I, n=0,1,.... (3.4)

N3 (3.2) monyuynm
/
(I +mtl +1y"™ ="+ o™ 1Y by
i=1
C yuetoM (3.4) nmeeMm

<

H([ + mtl + tA)y™! Ve

+1|

% . (3.5)

n
+ ’EZMZ Hyk+1
k=0

Jns norapudMmuIeckoit HOpMbI UMEIOT MECTO OLIEHKN
[0y 2wyl [0y = -u=D)]y].
ITpu BeinosHeHuu (1.3) a5 1eBoit yacTy HepaBeHCTBa (3.5) uMeeM

n+l

n+l
y

“(1 + mrl + 1Ay = (1+ mt - tu(-A)) > [y,
Tem caMbIM MTPUXOAUM K HEPABEHCTBY
yn+1 < yn + TzMzHka " T‘fnﬂ .
k=0

N3 atoro HEpaBCHCTBA CJICAYyCT

n+l
y

n
<[] 2
k=0

I
k=0=0

HpI/IHI/IMafI BO BHUMAaHHUE

n k

v

k=0=0

Jj+l1
5

<(n+ 1)2,1“”3/”1
k=0
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ITOJIYYM HEPABECHCTBO

n+l

n n
0 k+1 1 k+1
<[+ £ ome Y
k=0 k=0
HanpHeiilee pacCMOTPEHUE IMMPOBOAUTCS MO CXeMe J0Ka3aTeIbcTBa JeMMBI 4 (cM. [6], . 111, § 1).
INepenuiiem nociieqHee HEPABEHCTBO B BUIIE

n
n+l < rn+1 +CTZHJ’k+1 , (3.6)
k=0
rae
n
c= Mth’ Pl = Huou_i_,czufkﬂ )
k=0
ITonoxum
n
Sn+1 _ TZ “yk+1 ,
k=0
Torma
Sn+1 — Sn +1 yn+1 )
IMpuHumas Bo BHUMaHwue (3.6), 3TO maeT
(1-ct)s"™ <" + 0. (3.7)

1
JI7151 TTOJIOKUTENBHOCTH KO3 dULIMeHTa TIpH s MBI HAK/IaAbIBaeM HEOOPEMEHUTEIbHBIE OTPAHN -
yeHus Ha mar 1o BpemeHu. [1pu 0 < ¢T £ 2 UMeeT MECTO HEPaABEHCTBO

(1-c1) > exp(—2c7).
Hna 0 < ¢t < T nmpuxoguM K YCIIOBUIO Ha IIIar IO BpeMEHU

1<, = 2 (3.8)

CMT
ITpu o = exp(2c7t) ot (3.7) mepeitnemM K HEPaBEHCTBY

s <os" +tor™!, n=0,1,., s'=0. (3.9)

k+1

C yuetoM <r ,k=1,2,...,n,13(3.9) umeem

n n+l
Sn+l < TQZ rin+l =1p 1Y - lrn+1 < Q(Qnﬂ _ 1)rn+]'
k=0 o—1 ¢
IMpuHumas Bo BHUMaHue (3.6), mOIydnM

yn+1 < rn+1 +csn+1 < Qn+2rn+l‘

C yuyeToM BBEIEHHBIX 0003HAUYE€HUU 3TO NaeT

n+l

v , n=0,1,.... (3.10)

< expM™ "' + 1)) Huo“ + an:Hf"“
k=0

BTy OLIEHKY MbI pacCMaTpUBaeM KaK IMCKPETHbII aHaoT olieHKU (1.8) m1s1 pellieHUs: UICXOMHOM 3aaaun
(1.1)—(1.4). UTtorom HaIIero pacCCMOTPEHUSI SIBJISIETCSI

Teopema 3. /syxcaoiinas pasznocmuasn cxema (2.2), (3.1)—(3.3) seasemcs 6e3ycao6nHo ycmouuueoii npu
(1.3) u (3.8). Zrs npubausxcennoeo peutenus 3a0a4u umerom mecmo anpuophsie oyerku (3.4), (3.10).
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BrruucnurenbHas peanu3saiius cxembl (3.1)—(3.3) MoxeT ObITh ITpoBeieHa ciienyoim oopazom. 13
ypaBHeHMI (3.1) Ha HOBOM cJIOe MO BpeMEHU MBI UMEeM

n+l T n+l 1 n .
;= + S i=1,2,...,L 3.11
Vi 1+biry 1+b,¢y’ -11)

IToncranoBka B (3.2) naeT ypaBHEHUE OIS y"Jrl :

dl +tA)y"™ =", (3.12)
B KOTOpOM

!

!
a; n n n+l ab. n
d=1+1:§ —, =y +7 +tz#i.
i=1 +b[T X Y f ,-:11+b»’l:y

1

+ 1

1 .
Moce pemenus 3agaun (3.12) 11 ™" BcrioMoraTeibHble BEAMYUHbBI Y, , i = 1,2,..., PACCUNTHIBAIOT-
cst cormacHo (3.11). Tem caMbIM yBeTWYEHNE BBIYUCIUTEIBHOMN CIOXHOCTU YMCJIEHHOTO pEeIleHUs 3a-
a9’ C TTAMSITBIO He SABJISIeTCS MTPUHIINITHATIBHBIM 10 CpaBHEHUIO ¢ 3amgadeii 6e3 3¢ (heKTOB MaMsITH.
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